Introduction {#Sec1}
============

In an ecosystem, species does not exist alone while it spreads the disease: it competes with the other species for space or food or is predated by other species. Therefore, it is essential to consider the effect of interacting species when we study the dynamical behaviors of epidemiological models. Recently, epidemiological dynamics have been extensively applied in population biology. Some researchers have made some achievements (see \[[@CR1]--[@CR11]\]).

The authors in \[[@CR2]\] proposed and analyzed a predator-prey system in which some of the susceptible phytoplankton cells were infected by viral contamination and formed a new group (infected). The role of viral disease in recurrent phytoplankton blooms was discussed. They considered that the contact rate follows the law of proportional mixing rate. They did not take into account in their model that the infected phytoplankton cells become susceptible again. The author in \[[@CR6]\] studied an SI or SIS model with disease spread among the prey when there is logistic growth of the predator and prey populations and when the predators eat infected prey only. They have not regarded that infected populations contribute to the susceptible population toward its carrying capacity. The authors in \[[@CR9]\] modified the model equations of \[[@CR2]\] and also the model of \[[@CR6]\]. They assumed that the contact rate follows the law of mass action rate. A portion of infected phytoplankter was being recovered and became susceptible. The authors in \[[@CR10]\] assumed that pelicans feed not only on infected fish but on susceptible fish also. Feeding on infected fish enhances the death rate of pelicans and is considered to contribute negative growth, whereas feeding on susceptible fish enhances their growth rate and is considered to contribute positive growth. In their model they did not consider that the portion of infected fish recovered and became susceptible. On the basis of this model, the authors in \[[@CR11]\] studied and compared the dynamics of the proposed ecoepidemiological model to explore the crucial system parameters and their ranges in order to obtain different theoretical behaviors predicted from the interactions between susceptible prey, infected prey, and their predators. For linear mass-action functional response function, the ecoepidemiological model takes the following form: $$\documentclass[12pt]{minimal}
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                \begin{document}$P(t)$\end{document}$ are the population densities of susceptible prey, infected prey, and predator, respectively, at time *t*, *K* is the carrying capacity, *r* is the growth rate of susceptible prey, *λ* is the force of infection, *θ* is the conversion efficiency, *α* and *β* are the attack rates on susceptible and infected prey, respectively, *μ* and *δ* are the death rates of the infected prey and predators, respectively.

The authors in \[[@CR11]\] detail that system ([1.1](#Equ1){ref-type=""}) has the following equilibria: $\documentclass[12pt]{minimal}
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However, in this case, the effects due to environmental noise have been neglected. In fact, because of the existence of environmental noise, the parameters involved in system ([1.1](#Equ1){ref-type=""}) are not absolute constants, and they fluctuate around some average values owing to continuous fluctuations in the environment. Therefore, the parameters in the model exhibit continuous oscillation around some average values but do not attain fixed values with the advancement of time. Consequently, the equilibrium population distribution fluctuates randomly around some average values. So many authors introduce stochastic perturbation into deterministic models to reveal the effect of environmental variability on the ecology and epidemiology system (see \[[@CR12]--[@CR16]\]). Keeping this in mind, we have modified the model ([1.1](#Equ1){ref-type=""}) proposed by \[[@CR11]\] and taken into account the effect of randomly fluctuating and stochastically perturbed force of infection *λ* in each equation of system ([1.1](#Equ1){ref-type=""}): $$\documentclass[12pt]{minimal}
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In this paper, we study the dynamics of the ecoepidemiological model with linear mass-action functional response perturbed by white noise to explore the crucial system parameters and their ranges in order to obtain different theoretical behaviors predicted from the interactions between susceptible prey, infected prey, and their predators.

This paper is organized as follows. The existence and uniqueness of a positive solution are given in Section [2](#Sec2){ref-type="sec"}. In Section [3](#Sec3){ref-type="sec"}, we show that the equilibrium $\documentclass[12pt]{minimal}
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Existence and uniqueness of a positive solution {#Sec2}
===============================================

In this section, we show that there is a unique globally positive solution of system ([1.2](#Equ2){ref-type=""}).

Theorem 2.1 {#FPar1}
-----------
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Proof {#FPar2}
-----

Obviously, the coefficients of equation ([1.2](#Equ2){ref-type=""}) satisfy the local Lipschitz condition. Therefore, there is a unique local solution $\documentclass[12pt]{minimal}
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Now, we are going to show that this solution is global, that is, that $\documentclass[12pt]{minimal}
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Asymptotic behavior around the equilibrium $\documentclass[12pt]{minimal}
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Theorem 5.1 {#FPar10}
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-----
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Hence, the proof of this theorem is completed. □

Stochastic asymptotic stability around the equilibrium $\documentclass[12pt]{minimal}
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It is easy to see that the stability of the equilibrium of system ([1.2](#Equ2){ref-type=""}) is equivalent to the stability of the zero solution of system ([6.1](#Equ10){ref-type=""}).

Theorem 6.1 {#FPar12}
-----------
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                \begin{document}$E_{3}=(\widetilde{S}, 0, \widetilde{P})$\end{document}$*is stochastically asymptotically stable*.

Proof {#FPar13}
-----

It is easy to see that we only need to prove that the zero solution of ([6.1](#Equ10){ref-type=""}) is stochastically asymptotically stable.
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                \begin{document} $$\begin{aligned} V(x)&=\eta_{2}\frac{1}{2} \biggl(u+I+\frac{1}{\theta}w \biggr)^{2}+\frac {1}{2}(u+I)^{2}+\eta_{1} \frac{1}{2}w^{2}+\eta_{3}\frac{1}{2}I^{2} \\ &:=\eta_{2}V_{1}+V_{2}+\eta_{1}V_{4}+ \eta_{3}V_{3}, \end{aligned}$$ \end{document}$$ where $\documentclass[12pt]{minimal}
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                \begin{document}$\eta_{3}$\end{document}$ are positive constants, which are determined later. By Itô's formula we compute $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document} $$\begin{aligned} dV_{1}={}& \biggl(u+I+\frac{1}{\theta}w \biggr) \biggl[ \biggl(r- \frac{2r}{K}\widetilde{S} \biggr)u- \biggl(\frac {r}{K} \widetilde{S}+2 \beta\widetilde{P}+\mu \biggr)I\\ &{}-\alpha\widetilde{S}w- \frac {r}{K}u^{2} -\frac{r}{K}uI-2\beta Iw \biggr]\,dt, \end{aligned}$$ \end{document}$$ where $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} LV_{1}={}& \biggl(u+I+\frac{1}{\theta}w \biggr) \biggl[ \biggl(r- \frac{2r}{K}\widetilde{S} \biggr)u- \biggl(\frac {r}{K} \widetilde{S}+2 \beta\widetilde{P}+\mu \biggr)I-\alpha\widetilde{S}w- \frac {r}{K}u^{2} -\frac{r}{K}uI-2\beta Iw \biggr] \\ ={}& \biggl(r-\frac{2r}{K}\widetilde{S} \biggr)u^{2}- \biggl( \frac{r}{K}\widetilde{S}+2\beta \widetilde{P}+\mu \biggr)I^{2}- \frac{\delta}{\theta^{2}}w^{2} + \biggl(r-\frac{3r}{K}\widetilde{S}-2 \beta\widetilde{P}-\mu \biggr)uI \\ &{}+\frac {1}{\theta} \biggl(r-\frac{2r}{K}\widetilde{S} -\delta \biggr)uw-\frac{1}{\theta} \biggl(\frac{r}{K}\widetilde{S}+2\beta \widetilde {P}+\mu+\delta \biggr)Iw \\ &{}+ \biggl(u+I+\frac{1}{\theta}w \biggr) \biggl(-\frac{r}{K}u^{2}- \frac{r}{K}uI-2\beta Iw \biggr). \end{aligned}$$ \end{document}$$ Since $\documentclass[12pt]{minimal}
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                \begin{document}$(\widetilde{S},0,\widetilde{P})$\end{document}$ is the boundary equilibrium of system ([1.1](#Equ1){ref-type=""}), we get $$\documentclass[12pt]{minimal}
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                \begin{document}$$r-\frac{2r}{K}\widetilde{S}=\alpha\widetilde{P}-\frac{r}{K} \widetilde {S}\leq\alpha\widetilde{P}. $$\end{document}$$ Moreover, using the Cauchy inequality, we obtain $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} LV_{1}\leq{}& \alpha\widetilde{P}u^{2}- \biggl( \frac{r}{K}\widetilde{S}+2\beta\widetilde {P}+\mu \biggr)I^{2}- \frac{\delta}{\theta^{2}}w^{2} + \biggl(r-\frac{3r}{K}\widetilde{S}-2 \beta\widetilde{P}-\mu \biggr)uI \\ &{}+\frac{1}{\theta} \biggl(r-\frac{2r}{K}\widetilde{S} -\delta \biggr)uw-\frac{1}{\theta} \biggl(\frac{r}{K}\widetilde{S}+2\beta \widetilde {P}+\mu+\delta \biggr)Iw \\ &{}+ \biggl(u+I+\frac{1}{\theta}w \biggr) \biggl(-\frac{r}{K}u^{2}- \frac{r}{K}uI-2\beta Iw \biggr) \\ \leq{}& \biggl[\alpha\widetilde{P}+\frac{1}{\delta} \biggl(r- \frac{2r}{K}\widetilde {S}-\delta \biggr)^{2} + \frac{1}{4} \biggl(r-\frac{3r}{K}\widetilde{S}-2\beta\widetilde{P}- \mu \biggr)^{2} \biggl(\frac{r}{K}\widetilde{S}+2\beta \widetilde{P}+ \mu \biggr)^{-1} \biggr]u^{2} \\ &+\frac{1}{\delta} \biggl(\frac{r}{K}\widetilde{S}+2\beta \widetilde{P}+ \mu +\delta \biggr)^{2}I^{2}- \frac{\delta}{2\theta^{2}}w^{2} \\ &{}+ \biggl(u+I+\frac {1}{\theta}w \biggr) \biggl(-\frac{r}{K}u^{2}- \frac{r}{K}uI-2\beta Iw \biggr). \end{aligned}$$ \end{document}$$ Further, $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} dV_{2}={}&(u+I) \biggl[ \biggl(r-\frac{2r}{K}\widetilde{S}- \alpha \widetilde{P} \biggr)u- \biggl(\frac {r}{K}\widetilde{S}+\beta \widetilde{P}+ \mu \biggr)I-\alpha\widetilde{S}w-\frac {r}{K}u^{2} \\ &{}-\frac{r}{K}uI-\alpha uw-\beta Iw \biggr]\,dt, \end{aligned}$$ \end{document}$$ where $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned}& \begin{aligned}[b] LV_{2}={}&(u+I) \biggl[ \biggl(r- \frac{2r}{K} \widetilde{S}-\alpha\widetilde{P} \biggr)u- \biggl( \frac {r}{K}\widetilde{S}+ \beta\widetilde{P}+\mu \biggr)I-\alpha \widetilde{S}w-\frac {r}{K}u^{2} -\frac{r}{K}uI \\ &{}-\alpha uw-\beta Iw \biggr] \\ ={}& \biggl(r-\frac{2r}{K}\widetilde{S}-\alpha\widetilde{P} \biggr)u^{2}- \biggl(\frac {r}{K}\widetilde{S}+\beta\widetilde{P}+ \mu \biggr)I^{2}+ \biggl(r-\frac{3r}{K}\widetilde{S}-\alpha \widetilde{P}-\beta\widetilde{P}-\mu \biggr)uI \\ &{}-\frac{\delta}{\theta}uw-\frac{\delta}{\theta}Iw +(u+I) \biggl(- \frac{r}{K}u^{2}-\frac{r}{K}uI-\alpha uw-\beta Iw \biggr) \\ ={}&{-}\frac{r}{K}\widetilde{S}u^{2}- \biggl(\frac{r}{K} \widetilde{S}+\beta \widetilde{P}+\mu \biggr)I^{2}+ \biggl(r- \frac{3r}{K}\widetilde{S}-\alpha\widetilde{P}-\beta\widetilde{P}-\mu \biggr)uI \\ &{}-\frac{\delta}{\theta}uw-\frac{\delta}{\theta}Iw +(u+I) \biggl(- \frac{r}{K}u^{2}-\frac{r}{K}uI-\alpha uw-\beta Iw \biggr); \end{aligned} \\& \begin{aligned}[b] dV_{3}={}&I \bigl\{ \bigl[(\lambda\widetilde{S}- \beta \widetilde{P}-\mu)I+\lambda u I-\beta Iw \bigr]\,dt+(\sigma uI+\sigma \widetilde{S}I)\,dB(t) \bigr\} \\ &{}+\frac{1}{2}(\sigma uI+\sigma\widetilde{S}I)^{2}\,dt, \end{aligned} \end{aligned}$$ \end{document}$$ where $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} LV_{3}&=I \bigl[(\lambda\widetilde{S}-\beta\widetilde{P}-\mu)I+\lambda u I-\beta Iw \bigr]+\frac{1}{2}(\sigma uI+\sigma\widetilde{S}I)^{2} \\ &= \biggl(\lambda\widetilde{S}-\beta\widetilde{P}-\mu+\frac{1}{2}\sigma ^{2}\widetilde{S}^{2} \biggr)I^{2}+ \biggl(\lambda u- \beta w+\frac{1}{2}\sigma ^{2}u^{2}+ \sigma^{2}\widetilde{S}u \biggr)I^{2}. \end{aligned}$$ \end{document}$$ By the condition $\documentclass[12pt]{minimal}
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                \begin{document}$\sigma^{2}<\frac{2(\beta\widetilde{P}+\mu-\lambda \widetilde{S})}{\widetilde{S}^{2}}$\end{document}$ we get that $\documentclass[12pt]{minimal}
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                \begin{document}$\lambda\widetilde {S}-\beta\widetilde{P}-\mu+\frac{1}{2}\sigma^{2}\widetilde{S}^{2}<0$\end{document}$.
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                \begin{document} $$\begin{aligned} dV_{4}=w(\theta\alpha\widetilde{P}u-\theta\beta\widetilde{P}I-\theta \beta Iw+\theta\alpha uw)\,dt, \end{aligned}$$ \end{document}$$ where $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} LV_{4}&=w(\theta\alpha\widetilde{P}u-\theta\beta\widetilde{P}I-\theta \beta Iw+\theta\alpha uw) =\theta\alpha\widetilde{P}uw-\theta\beta\widetilde{P}Iw+w(-\theta \beta Iw+ \theta\alpha uw). \end{aligned}$$ \end{document}$$ Then we obtain $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} &LV_{2}+\eta_{1}LV_{4} \\ &\quad=-\frac{r}{K}\widetilde{S}u^{2}- \biggl( \frac{r}{K} \widetilde{S}+\beta \widetilde{P}+\mu \biggr)I^{2}+ \biggl(r- \frac{3r}{K}\widetilde{S}-\alpha\widetilde{P}-\beta\widetilde{P}- \mu \biggr)uI- \biggl(\frac{\delta}{\theta}+\eta_{1}\theta\beta \widetilde{P} \biggr)Iw \\ &\qquad{}+ \biggl(\eta_{1}\theta\alpha\widetilde{P}- \frac{\delta}{\theta} \biggr)uw+M_{1}(u,I,w), \end{aligned}$$ \end{document}$$ where $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} M_{1}(u,I,w)=(u+I) \biggl(-\frac{r}{K}u^{2}- \frac{r}{K}uI-\alpha uw-\beta Iw \biggr)+\eta_{1}w(-\theta\beta Iw+\theta\alpha uw). \end{aligned}$$ \end{document}$$ In ([6.2](#Equ11){ref-type=""}), we choose $\documentclass[12pt]{minimal}
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                \begin{document}$\eta_{1}=\frac{\delta}{\alpha\widetilde {P}\theta^{2}}$\end{document}$ such that $\documentclass[12pt]{minimal}
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                \begin{document}$\eta_{1}\theta\alpha\widetilde{P}-\frac {\delta}{\theta}=0$\end{document}$.

Moreover, using the Cauchy inequality, we obtain $$\documentclass[12pt]{minimal}
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                \begin{document}$$ \biggl(r-\frac{3r}{K}\widetilde{S}-\alpha\widetilde{P}- \beta\widetilde{P}-\mu \biggr)uI \leq\frac{r\widetilde{S}}{2K}u^{2}+ \frac{K}{2r\widetilde{S}} \biggl(r-\frac {3r}{K}\widetilde{S}-\alpha\widetilde{P}- \beta\widetilde{P}-\mu \biggr)^{2}I^{2}. $$\end{document}$$ Substituting ([6.3](#Equ12){ref-type=""}) into ([6.2](#Equ11){ref-type=""}) yields $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} &LV_{2}+\eta_{1}LV_{4} \\ &\quad\leq-\frac{r\widetilde{S}}{2K}u^{2}+ \frac{K}{2r\widetilde{S}} \biggl(r- \frac{3r}{K}\widetilde{S}-\alpha\widetilde {P}-\beta\widetilde{P}-\mu \biggr)^{2}I^{2}- \biggl(\frac{r}{K}\widetilde{S}+\beta \widetilde{P}+\mu \biggr)I^{2}\\ &\qquad{}- \biggl(\frac{\delta}{\theta}+ \eta_{1}\theta\beta \widetilde{P} \biggr)Iw +M_{1}(u,I,w), \end{aligned}$$ \end{document}$$ and so we have $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} &\eta_{2}LV_{1}+LV_{2}+\eta_{1}LV_{4} \\ &\quad\leq \eta_{2} \biggl\{ \biggl[\alpha\widetilde{P}+ \frac{1}{\delta} \biggl(r-\frac {2r}{K}\widetilde{S}-\delta \biggr)^{2} +\frac{1}{4} \biggl(r-\frac{3r}{K} \widetilde{S}-2\beta\widetilde{P}-\mu \biggr)^{2} \biggl( \frac{r}{K}\widetilde{S}+2\beta\widetilde{P}+\mu \biggr)^{-1} \biggr]u^{2} \\ &\qquad{}+\frac{1}{\delta} \biggl(\frac{r}{K}\widetilde{S}+2\beta \widetilde{P}+\mu +\delta \biggr)^{2}I^{2}- \frac{\delta}{2\theta^{2}}w^{2}+ \biggl(u+I+\frac{1}{\theta }w \biggr) \biggl(- \frac{r}{K}u^{2}-\frac{r}{K}uI-2\beta Iw \biggr) \biggr\} \\ &\qquad{}-\frac{r\widetilde{S}}{2K}u^{2} +\frac{K}{2r\widetilde{S}} \biggl(r- \frac{3r}{K}\widetilde{S}-\alpha\widetilde {P}-\beta\widetilde{P}-\mu \biggr)^{2}I^{2} - \biggl(\frac{r}{K}\widetilde{S}+ \beta \widetilde{P}+\mu \biggr)I^{2} \\ &\qquad{}- \biggl(\frac{\delta}{\theta}+\eta_{1}\theta\beta\widetilde{P} \biggr)Iw +M_{1}(u,I,w) \\ &\quad\leq \biggl\{ \eta_{2} \biggl[\alpha\widetilde{P}+\frac{1}{\delta} \biggl(r-\frac {2r}{K}\widetilde{S}-\delta \biggr)^{2} \\ &\qquad{}+ \frac{1}{4} \biggl(r-\frac{3r}{K}\widetilde{S}-2\beta\widetilde{P}- \mu \biggr)^{2} \biggl(\frac{r}{K}\widetilde{S}+2\beta \widetilde{P}+\mu \biggr)^{-1} \biggr]-\frac {r\widetilde{S}}{2K} \biggr\} u^{2} \\ &\qquad{}+ \biggl[\frac{K}{2r\widetilde{S}} \biggl(r-\frac{3r}{K}\widetilde{S}- \alpha \widetilde{P}-\beta\widetilde{P}-\mu \biggr)^{2} + \frac{\eta_{2}}{\delta} \biggl(\frac{r}{K}\widetilde{S}+2\beta\widetilde {P}+ \mu+\delta \biggr)^{2}\\ &\qquad{}- \biggl(\frac{r}{K}\widetilde{S}+\beta \widetilde{P}+\mu \biggr) \biggr]I^{2} \\ &\qquad{}-\frac{\eta_{2}\delta}{2\theta^{2}}w^{2}- \biggl(\frac{\delta}{\theta}+\eta _{1}\theta\beta\widetilde{P} \biggr)Iw+M_{1}(u,I,w)\\ &\qquad{}+ \eta_{2} \biggl(u+I+\frac {1}{\theta}w \biggr) \biggl(- \frac{r}{K}u^{2}-\frac{r}{K}uI-2\beta Iw \biggr). \end{aligned}$$ \end{document}$$ Let $$\documentclass[12pt]{minimal}
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                \begin{document}$$\eta_{2}=\frac{r\widetilde{S}}{4K} \biggl[\alpha\widetilde{P}+ \frac{1}{\delta } \biggl(r-\frac{2r}{K}\widetilde{S}-\delta \biggr)^{2} +\frac{1}{4} \biggl(r-\frac{3r}{K} \widetilde{S}-2\beta\widetilde{P}-\mu \biggr)^{2} \biggl( \frac{r}{K}\widetilde{S}+2\beta\widetilde{P}+\mu \biggr)^{-1} \biggr]^{-1}, $$\end{document}$$ so that $$\documentclass[12pt]{minimal}
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                \begin{document}$$\eta_{2} \biggl[\alpha\widetilde{P}+\frac{1}{\delta} \biggl(r- \frac{2r}{K}\widetilde {S}-\delta \biggr)^{2} + \frac{1}{4} \biggl(r-\frac{3r}{K}\widetilde{S}-2\beta\widetilde{P}- \mu \biggr)^{2} \biggl(\frac{r}{K}\widetilde{S}+2\beta \widetilde{P}+ \mu \biggr)^{-1} \biggr]=\frac {r\widetilde{S}}{4K}. $$\end{document}$$ Then we get $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} &\eta_{2}LV_{1}+LV_{2}+\eta_{1}LV_{4} \\ &\quad\leq-\frac{r\widetilde{S}}{4K}u^{2}-\frac{\eta_{2}\delta}{4\theta^{2}}w^{2} + \biggl[\frac{K}{2r\widetilde{S}} \biggl(r-\frac{3r}{K}\widetilde{S}-\alpha \widetilde{P}-\beta\widetilde{P}-\mu \biggr)^{2}+\frac{\eta_{2}}{\delta} \biggl(\frac {r}{K}\widetilde{S}+2\beta\widetilde{P}+\mu+\delta \biggr)^{2} \\ &\qquad{}+\frac{\theta^{2}(\frac{\delta}{\theta} +\eta_{1}\theta\beta\widetilde{P})^{2}}{\delta\eta_{2}} - \biggl(\frac{r}{K}\widetilde{S}+\beta \widetilde{P}+\mu \biggr) \biggr]I^{2}+M_{1}(u,I,w) \\ &\qquad{}+\eta_{2} \biggl(u+I+\frac{1}{\theta}w \biggr) \biggl(- \frac{r}{K}u^{2}-\frac {r}{K}uI-2\beta Iw \biggr). \end{aligned}$$ \end{document}$$ Finally, we obtain $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} LV={}&\eta_{2}LV_{1}+LV_{2}+\eta_{1}LV_{4}+ \eta_{3}LV_{3} \\ \leq{}&{-}\frac{r\widetilde{S}}{4K}u^{2}-\frac{\eta_{2}\delta}{4\theta^{2}}w^{2} + \biggl[\frac{K}{2r\widetilde{S}} \biggl(r-\frac{3r}{K}\widetilde{S}-\alpha \widetilde{P}-\beta\widetilde{P}-\mu \biggr)^{2}\\ &{}+\frac{\eta_{2}}{\delta} \biggl(\frac {r}{K}\widetilde{S}+2\beta\widetilde{P}+\mu+\delta \biggr)^{2} \\ &{}+\frac{\theta^{2}(\frac{\delta}{\theta} +\eta_{1}\theta\beta\widetilde{P})^{2}}{\delta\eta_{2}} - \biggl(\frac{r}{K}\widetilde{S}+\beta \widetilde{P}+\mu \biggr)-\eta_{3} \biggl(\beta \widetilde{P}+\mu- \lambda \widetilde{S}-\frac{1}{2}\sigma^{2}\widetilde {S}^{2} \biggr) \biggr]I^{2}\\ &{}+M_{1}(u,I,w) \\ &{}+\eta_{2} \biggl(u+I+\frac{1}{\theta}w \biggr) \biggl(- \frac{r}{K}u^{2}-\frac {r}{K}uI-2\beta Iw \biggr)+ \eta_{3} \biggl(\lambda u-\beta w+\frac{1}{2}\sigma ^{2}u^{2}+\sigma^{2}\widetilde{S}u \biggr)I^{2}. \end{aligned}$$ \end{document}$$ Put $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} \eta_{3}={}& \biggl[\frac{K}{2r\widetilde{S}} \biggl(r-\frac{3r}{K} \widetilde{S}-\alpha \widetilde{P}-\beta\widetilde{P}-\mu \biggr)^{2}+ \frac{\eta_{2}}{\delta} \biggl(\frac {r}{K}\widetilde{S}+2\beta\widetilde{P}+ \mu+ \delta \biggr)^{2}+\frac{\theta ^{2}(\frac{\delta}{\theta} +\eta_{1}\theta\beta\widetilde{P})^{2}}{\delta\eta_{2}} \biggr] \\ &{}\times \biggl(\beta\widetilde{P}+\mu-\lambda\widetilde{S}-\frac{1}{2} \sigma ^{2}\widetilde{S}^{2} \biggr)^{-1}, \end{aligned}$$ \end{document}$$ so that $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} &\frac{K}{2r\widetilde{S}} \biggl(r-\frac{3r}{K}\widetilde{S}-\alpha\widetilde {P}-\beta\widetilde{P}-\mu \biggr)^{2}+\frac{\eta_{2}}{\delta} \biggl( \frac {r}{K}\widetilde{S}+2\beta\widetilde{P}+\mu+\delta \biggr)^{2}+\frac{\theta ^{2}(\frac{\delta}{\theta} +\eta_{1}\theta\beta\widetilde{P})^{2}}{\delta\eta_{2}} \\ &\quad{}-\eta_{3} \biggl(\beta\widetilde{P}+\mu-\lambda\widetilde{S}- \frac{1}{2}\sigma ^{2}\widetilde{S}^{2} \biggr)=0. \end{aligned}$$ \end{document}$$ Then we get $$\documentclass[12pt]{minimal}
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                \begin{document} $$\begin{aligned} LV={}&\eta_{2}LV_{1}+LV_{2}+\eta_{1}LV_{4}+ \eta_{3}LV_{3} \\ \leq{}&- \frac{r\widetilde{S}}{4K}u^{2}- \biggl(\frac{r}{K} \widetilde{S}+\beta\widetilde {P}+\mu \biggr)I^{2}-\frac{\eta_{2}\delta}{4\theta^{2}}w^{2} +M_{1}(u,I,w) \\ &{}+\eta_{2} \biggl(u+I+\frac{1}{\theta}w \biggr) \biggl(- \frac{r}{K}u^{2}-\frac {r}{K}uI-2\beta Iw \biggr)+ \eta_{3} \biggl(\lambda u-\beta w+\frac{1}{2}\sigma ^{2}u^{2}+\sigma^{2}\widetilde{S}u \biggr)I^{2}. \end{aligned}$$ \end{document}$$
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                \begin{document}$\widetilde{\lambda}=\min\{\frac{r\widetilde{S}}{4K},\frac {r}{K}\widetilde{S}+\beta\widetilde{P}+\mu,\frac{\eta_{2}\delta}{4\theta ^{2}} \}$\end{document}$. Then $$\documentclass[12pt]{minimal}
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Numerical simulations {#Sec7}
=====================

In this section, we make numerical simulations to illustrate our results by using Milstein's higher-order method \[[@CR18]\]. Variables and parameters used in the models of susceptible prey-infected prey-predator population interaction are given by Chattopadhyay *et al.* \[[@CR11]\], Table 2, where $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$r=3,\qquad K=45,\qquad \beta=0.05,\qquad \mu=0.24,\qquad \theta=0.4, \qquad \delta=0.09. $$\end{document}$$

First, we take $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\alpha=0.004$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\lambda=0.003$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\sigma=0.045$\end{document}$. In this case, $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\alpha=0.004< \frac{\delta}{K\theta}=0.005, \qquad\sigma^{2}=0.002025< \frac {2(r+K\lambda)(\mu-K\lambda)}{\lambda K^{3}}=0.002408. $$\end{document}$$ We can therefore conclude by Theorem [4.1](#FPar6){ref-type="sec"} that the equilibrium $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$E_{1}=(45,0,0)$\end{document}$ of system ([1.2](#Equ2){ref-type=""}) is stochastically asymptotically stable in the large. The numerical simulations in Figure [1](#Fig1){ref-type="fig"} support these results clearly. Figure 1**Numerical simulation of the solution of system (** [**1.2**](#Equ2){ref-type=""} **) and its corresponding deterministic system (** [**1.1**](#Equ1){ref-type=""} **) with** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\alpha=0.004}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\lambda=0.003}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\sigma=0.045}$\end{document}$ **and with the initial values** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{S(0)=30}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{I(0)=10}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{P(0)=15}$\end{document}$ **.**

Noting that $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma^{2}=0.002025>\max \biggl\{ \frac{\lambda}{K}=0.000067, \frac{\lambda ^{2}}{2\mu}=0.00001875 \biggr\} =0.000067 $$\end{document}$$ and $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\alpha=0.004< \frac{\delta}{K\theta}=0.005, $$\end{document}$$ we see that conditions (a) and (c) of Theorem [4.2](#FPar8){ref-type="sec"} are satisfied. Therefore, by Theorem [4.2](#FPar8){ref-type="sec"}, for the initial values $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$S(0)=30$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$I(0)=10$\end{document}$, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$P(0)=15$\end{document}$, the solution of system ([1.2](#Equ2){ref-type=""}) obeys $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document} $$\begin{aligned} &\limsup_{t\rightarrow\infty}\frac{\log I(t)}{t}\leq-0.2378< 0 \quad \mbox{a.s.}, \\ &\limsup_{t\rightarrow\infty}\frac{\log P(t)}{t}\leq-0.018< 0\quad \mbox{a.s.}, \\ &\lim_{t\rightarrow\infty}\frac{1}{t} \int^{t}_{0}S(s)\,ds=45 \quad\mbox{a.s.} \end{aligned}$$ \end{document}$$ The numerical simulations in Figure [1](#Fig1){ref-type="fig"} support these results clearly, illustrating extinction of the infected prey and the predator.

Next, we choose $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\alpha=0.004$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\lambda=0.015$\end{document}$. Then $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\overline{S}=\frac{\mu}{\lambda}=16,\qquad \overline{I}=\frac{r(1-\frac {\overline{S}}{K})}{\frac{r}{K}+\lambda}=23.67, $$\end{document}$$ and the conditions $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mu=0.24 < \lambda K=0.675, \qquad \alpha=0.004< \frac{\delta}{K \theta}=0.005 $$\end{document}$$ are satisfied. Therefore, by Theorem [5.1](#FPar10){ref-type="sec"}, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$P(t)$\end{document}$ tends to zero exponentially with probability one. We see that the difference between the solution of system ([1.2](#Equ2){ref-type=""}) and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$E_{2}=(16, 23.67, 0)$\end{document}$ in time average is related to the intensity of the white noise. The weaker the white noise, the smaller the difference. The numerical simulations in Figure [2](#Fig2){ref-type="fig"} support these results clearly, illustrating that the solution of system ([1.2](#Equ2){ref-type=""}) is surrounding $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$E_{2}$\end{document}$ randomly oscillating, and the extent vibrating enhances gradually with gradual increase of *σ*. Figure 2**Numerical simulation of the solution of system (** [**1.2**](#Equ2){ref-type=""} **) and its corresponding deterministic system (** [**1.1**](#Equ1){ref-type=""} **) with initial value** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{S(0)=30}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{I(0)=10}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{P(0)=15}$\end{document}$ **: (a) is with** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\alpha=0.004}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\lambda=0.015}$\end{document}$ **; (b) with** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\alpha =0.004}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\lambda=0.015}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\sigma=0.002}$\end{document}$ **; (c) with** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\alpha=0.004}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\lambda =0.015}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\sigma=0.004}$\end{document}$ **; (d) with** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\alpha=0.004}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\lambda=0.015}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\sigma=0.006}$\end{document}$ **.**

Finally, we take $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\alpha=0.3$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\lambda=0.008$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\sigma=0.2$\end{document}$. In this case, we compute $$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document} $$\begin{aligned}& \widetilde{S}=\frac{\delta}{\theta\alpha}=0.75, \qquad\widetilde{P}=\frac {r}{\alpha} \biggl(1-\frac{\widetilde{S}}{K} \biggr)=9.833, \\& \frac{\delta\lambda}{\mu\theta}=0.0075< \alpha=0.3, \qquad\frac{\mu }{K}=0.0053< \lambda=0.008, \\& \sigma^{2}=0.04< \frac{2(\beta\widetilde{P}+\mu-\lambda\widetilde {S})}{\widetilde{S}^{2}}=2.58. \end{aligned}$$ \end{document}$$ We can therefore conclude, by Theorem [6.1](#FPar12){ref-type="sec"}, that the equilibrium $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$E_{3}=(0.75,0,9.833)$\end{document}$ of system ([1.2](#Equ2){ref-type=""}) is stochastically asymptotically stable. The numerical simulations in Figure [3](#Fig3){ref-type="fig"} support these results clearly. Figure 3**Numerical simulation of the solution of system (** [**1.2**](#Equ2){ref-type=""} **) and its corresponding deterministic system (** [**1.1**](#Equ1){ref-type=""} **) with** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\alpha=0.3}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\lambda=0.008}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{\sigma=0.2}$\end{document}$ **and with initial values** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{S(0)=30}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{I(0)=10}$\end{document}$ **,** $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$\pmb{P(0)=15}$\end{document}$ **.**

Conclusion {#Sec8}
==========

In this paper, we have proposed and analyzed an ecoepidemiological model with linear mass-action functional response perturbed by white noise. Based on this model, we mainly have showed that system ([1.2](#Equ2){ref-type=""}) has a unique positive global solution and investigated how the four equilibria $\documentclass[12pt]{minimal}
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                \begin{document}$E_{1}$\end{document}$ of system ([1.2](#Equ2){ref-type=""}) is stochastically asymptotically stable in the large. Theorem [4.2](#FPar8){ref-type="sec"} shows that, under some conditions, the disease will die out, the predator population will go into extinction, and the prey population will approach the carrying capacity *K*. Biologically, it implies that if both the infection rate and the search rate of susceptible prey are low, then the infected prey and predator population cannot survive, and the system converges to the equilibrium where only healthy prey exists.
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Appendix 1 {#Sec9}
==========

In this section, we list some definitions and theory used in the previous sections.

In general, consider a *d*-dimensional stochastic differential equation $$\documentclass[12pt]{minimal}
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Definition A.1 {#FPar14}
--------------

(\[[@CR17]\])

\(i\) The trivial solution of system ([A.1](#Equ13){ref-type=""}) is said to be stochastically stable or stable in probability if for every pair of $\documentclass[12pt]{minimal}
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                \begin{document}$|x_{0}| < \delta$\end{document}$. Otherwise, it is said to be stochastically unstable.

\(ii\) The trivial solution is said to be stochastically asymptotically stable if it is stochastically stable; moreover, for every $\documentclass[12pt]{minimal}
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\(iii\) The trivial solution is said to be stochastically asymptotically stable in the large if it is stochastically asymptotically stable; moreover, for all $\documentclass[12pt]{minimal}
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Lemma A.1 {#FPar15}
---------

(Strong law of large numbers \[[@CR17]\])
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                \begin{document}$$\lim_{t\rightarrow\infty}\langle M,M \rangle_{t}=\infty \quad \textit{a.s.} \quad\Rightarrow\quad\lim_{t\rightarrow\infty} \frac{M_{t}}{\langle M,M \rangle _{t}}=0 \quad\textit{a.s. } $$\end{document}$$*and also*$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\limsup_{t\rightarrow\infty}\frac{\langle M,M \rangle_{t}}{t}< \infty \quad\textit{a.s.} \quad\Rightarrow\quad\lim_{t\rightarrow\infty}\frac{M_{t}}{t}=0\quad \textit{a.s.} $$\end{document}$$

Lemma A.2 {#FPar16}
---------

(\[[@CR17]\])

*If there exists a positive*-*definite decreasing radially unbounded function*$\documentclass[12pt]{minimal}
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                \begin{document}$LV(x,t)$\end{document}$*is negative*-*definite*, *then the trivial solution of equation* ([A.1](#Equ13){ref-type=""}) *is stochastically asymptotically stable in the large*.

Lemma A.3 {#FPar17}
---------

(\[[@CR17]\])

*If there exists a positive*-*definite decreasing function*$\documentclass[12pt]{minimal}
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                \begin{document}$LV(x,t)$\end{document}$*is negative*-*definite*, *then the trivial solution of system* ([A.1](#Equ13){ref-type=""}) *is stochastically asymptotically stable*.

Appendix 2: The rest of the proof of Theorem [2.1](#FPar1){ref-type="sec"} {#Sec10}
==========================================================================
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